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H. ~, Z. FIsx. K. C. CfITANDJ. D. ~

Se pro9ent our
17 0 MHR ~rlmcel r.mltc in m ~ttully ●ligned poeder sample of

%%% (T= = x- K). 7tN ●iUI of the anlnotropic Knight shift ●hom thet the spin density

rooldes ninly a the pa orbimln ●t the pl~r 0(2,3) ad brldgi~ O(4) ●ites. Abut 30X of

tk tom] spin euscoptlbllity in mttriktd co the oxygon 2p. 9UteS, The Knight shiit ● I the

0(2,3) ●iten docr~n mre repidly b the ●t the cf’ain O(1) ●!tan. idiating a larger guP

in tha phrlom. ~ titular rolmmtioa tat. mt the 0(2,3) cites dmem limr-T (Korrinw)
btmvior abovo T=, in amtmt to tb melt wookor t~raturo dopetionco mt tht planar G(2)

cl tea. However. these two refeo daw ldential tqrsture dependence below about 110 K,
indicmtl~ *C m i~rtant cm in ti spin ~Ics takam place ●bva Tc.

●lloeed us to obtain eel 1 eejamtcd rmnonence

lines for the inequimlmt oxygen ●ftam, ●m

●hom in Fig. 1. Thm •ssi~nt of these

rosormncw Ilnem to different oxygen si tec end

tha procedures to deduce the pr inci~l

~nanto of the ●lectric field gradient (EFG)

end the Knight chift (K) tensors ●e demribed in

detail in ref. 3

* ~nt~ of t~ ~ ~ K •~ow ‘h* a-

mrd b -es wro detetmiti frm cpectrs =ith

the flold applied prp.tiial~r to the c-l-
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wi;h the eagnetlc field •lon~ tha c-axis Eartl
piece of tho speetrue was taken with duff?r@llt
gain ●n thowrl under the tpectrue
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Figur@ 2. Tqraturo d~ancos of the Knight ●hift at mll oxygon ●ICOO with mgnetlc field
•~ltd prprbdicuhr to the twin. A) Circlms dor~to raw &to o.nd trle.ng!es roprascr,t dam
c.OrrOct~ for di~tin. ht.o for O(1) ●itoa nrc @on with fiald ●lo~ d!roction Of
largest EFC, wst likely tk kls. W O(4) thto mro ●h for two field orion=tions. B)
Clrclo- OM triqlos: 0(2) AU oorr~td d mcorrocted for di~cim dio.mndr UV4
oqtsmros O(3) Aw colroctod ti mcorroctod for di~ti~. 0(2) od O(3) ovmlap at low
T(K). C) Momlizd opin Knight ●hift ● I O(l) (~umros) UdO(213) (ii OJ-obOnd, triangles),
Solid llM it the Yosida fmction. Irmot shows vmlua of imotropic -p detom!nud fron, the
~rimnwl Knifit shift ● t 0(2,3). ~lid lirn ho omlculatod -p toqmrmturo da~ndcnce

Alt~wo ~t mni~ them ~nt~ ●

priori to ●ltber the ● or b mxis, douilod

-1YS1O of * DZ tonzgr ● t tho pl~r O(2)

srdO(3) Sitoc *S *t tho Iugoct qnont

of tho ~ arro~m to tho W+ bord

diroctlai, 1... tbeswic for o(2) ond tho

-ic for 0(3).3’5 hodon c!iisumly9iB, tho

lm~r ~t of K ● t 0(2,3) in tbo ob-pluie

is mloo mmi~ to b d+ M direction.

m Oboorv,d bight *ift ts tln mtmo[ tho

wplno,d orbital ztrlkttiam K . K. + Korb.

Korb, Wh18b 10 ~td to b tqraturo ln-

~nti iod.tomiti fra tho rosiduml

Mni@t ohift ● t I- tqrsturoc hlw Tc.

U_taiW] tht K, mnidtas dua to si~lot spin

~iri~.

Tim t~rmruro dopadonco Of K, in the

mmero-ktitu ●-to ●loo yioida ivrtmt

lttfomtim *t Cb ~itudo W tb -try

or tho ~. Fis. 9 A). B) ~ ttM t~rtturo

~ of Kmoml ~ for ●ll wgon ● item.

Bocaum the KMR opectta were token in the #ortex

s~te. we nod to tie corroctiorm for the field

producod by the di~tic rncrooning curren~ in

ordor to detamine K, ●s Iu? kon done in the ~

Kni#it shift etudy.l Thodetalls of thit

oor:oction will k doocriM .Isoshere We

discus9 tho “~rnturo depdence 0? X only

with the H J C ALO sinco cha di~etic

~tl=tton !- wch rnlior for thi- direction

(Uc- ~a,~) ~ Theraforo, ~tsibla ●rror- in

ttaco aorrocciotm ●re Imll.

‘l%e -ot r~rhble f~tura of thim At= i-

tint h 0(2.3) ord 0(1) •it~nsk= different

t~rature ~rdencoo of K. K ● t the 0(2,3)

oitos docrmaao mch -rc ropidly blow Tt IIMNI

●t O(l). T’ho difforonco ia ●k-m -re CIMIIJ

in tb tm-lixed Km(T)fic(Tc] vs. Tflc plot

olu?wn inFia. 2C), -O(l) rOmUlt is well

e
~lained by the Yoaiti [Stion for the eenk

~li~~~el (A(0) ■ 1.’T6kl’c) ‘l%e mor~

mpid docrouae of Kook@ ● t the 0(2.3)



.

sites 1s nisturmlly axplained by ● lmrger gep.

Similar &M for Kc mt 0(2,3) Ms been reprted

by iiorvakic et ●].7 % QitUde 6f the mp iS

estimmd frsm t- aperimental data of

K,(T) fl,(Tc) ● c uch t~rature assuming an

isotropic gnp and is plotted in th inset of

Fig. 2C). 7b zero tmrature value of the gmp

in this tie] ~rs to be ●round 2.~Tc

K= and hat 0(2,3) chow similar ter&rature

dopemience and there Im noclamr irdi~tionof

linear-T depedence at low tqraturs mm ems

found in tbe~[2) bight shift.* As reported

in a s~mte ~mmr@ G(2) chows large ~lods

line widths when thu field is applied perpen-

dicular to the c~ia. Since et do not

tmdermtuxi tk r~ for this large line width.

it im not clwtr wt.ether r.tw: cqrature

variation of tlm ~ field of the resomnce is

antirely umociated with ~am of tk repin

musceptibllity.

A lrnrgwr enar~ w for k epin exci-tione

in * pi-m thn in the mhinm is ●lso

inferred f- the Q relxation rate. 2 It mill

be i~rtant to &e tkse differences into

accattnt mhen ~~ values of the -p

obtainmd frawariow axperlmn-1 rnthttdu.

WS mom turn to di~umm K- in the mornl

rotate. At the 0(2,3) ●ites, Km ismial eya-

rntric uotd tbe M bad directton and larger

●lau this diractimn. llteanieotropicprt of

Eu lmueociatad r?tb thedipolar field fr~ the

epin~ity on the ~~orbitalm. TM

o!!mervmd st= of * enieotropy of K.

ldiately 1-D to k Cu9clumion tint tha

mpindrtuity ● t chm O(2,3) sites rninly resides

on tbe pm orbi-la diich hvn lobes ●l- the

abosldwtio> ‘b- ●rgument epplies for

tbe bri+i~ O(4) ●itmo which ~ ●l-tt zero

K, in tk ab-plane~ positivo Ksalq tho

a-axis (O,a!fx). Ce theroforo cancldo that the

epindetteity ●t 0(4) resides at the Poorbftal~

att.otdi~ ●la.tg tha -is,

The chain O(l) sites. howr~er, show nearly

isotropic Ks (0.1 %) and very large NLrb (0.13

x), The large difference in the ~t:y and

the rmgnitude of K* end Korb between the C(l)

and the 0(4) sites is in cxmtrast to the

similarity of the O(2) and O(3) Knight sh~fts

(except for the different ~trysxes) T%is

fact indi~tes thst the plsnes and chains have

quite different electronic structure in spite of

che similarity of the four-fold oxygen

ooodirbmtion around each Cu.

lhe local npin wsceptibility ●ssociated with

these aygon 2p smtes cm k ●stimted from the

anisotropy of Km, uming the appropriate hyperfine

coupling constant * (W5)~fr -3> = 91koe/~

(70Xof the free acomvalue9). We obtain ~p

= 1.7 x 10‘5’ ~,br
. 1,1 x 10-5 (etmAole. atom

for the 0(2,3) anti O(4) sites. reepective!y.

The local P. spin wsceptibillty on the oxygen

●ites accounts for about 30 X of tht totel spin

wsceptibility, neglecting the contribution from

the chain O(1) sites. rnis indicates thst the

dominant ~rt (70%) of the -In musc?ptibility

in umciated with @ d-states,

3. NU(X&4R SPIN REIAXkT’1~ RAT’13

While the Knight ●hift provi.%m ● aeasure of

the static spin susceptibility, the nuclecr

r~lamtion rate (Ifll) is determined by the low

frequency spin fluctuations. The teqmmture

dependence of I/Tl at the O(2,3) and CX(2)

site. ● re ●hoen in Fig. 3 I/T, ● t 0(2,3)

folloem the Korri~ relation (TIT ● monst.)

abovo Tcwitha only ~lightly ●nhanced value of

(TITK. )2-1 (about 1.4 tins the Korringmvelu?

Vhi@ %2), in strong oontrast to thewmmk?r

temperature dopendonce end Craatly ●nhmnced vo]ur

of V?l ●t Cll(2). The -st ●triki~ result i~

tlm: these teo ●ites Bhow M identical

t~rature dopendonco of lfil beloe ●bout 110

K, in •pit~ of large differetwos in mgnitudr
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Fipre 3. Tcmporature dependence of I/Tl at the

0(2,3} (solid dots) ●nd tho Cu(?) (crosses)
sltos.

The Implication of these results are discussed

in demil in soptxite ppers.
4,10

We s~rlze

the l~rtanc points hr.. Tbe different

t~rmture dopendoncas of lfll ● t high

tqraturo m be axplained if the spin

dymmicu of the itinemnt ~vsenrholcs,

r~sponsible for the fbri~ h..kvior of oxygen

lnl ● is difforsnt from th: of CN d-holefi.
11,12

The large&(2) ~nt of l/(TIY #) over

the Korri~ VM)UO i~liosanenlnncawnt of the

~i~l Nwptibiliw K“(~,w)/wof CXJd-holes

at largo q, which wst ba t~rmturc deperxlent

in ordor to b oonaistant with the *

t~racur* ~e of lfi, (aT~

r(”(q.t.$o)/woj. lltasa two cpin aymta beam

mtratgly UIupled below 11OK, as i~liwd by the

eam t~rat~ra dwpendencu of tba two

roluration rat*s.

The CXId-eyine oould nleo relax the -n

ouclei through tk traruferrwd hyperfin:

interaction. Ihe antiferr~tic fluctuations

of CXJd-spins do not omple to t)n mtygen nuclei

kacaute of tk ~tric position of 0(2,3),

however. Therefore, the -11 q ptuts of the

d~!cal susceptibility, which will be weakly

temperature dependent. -y dominate the oxygen

relaxation rate. giving ● Korringa-like

behmvior. Thus the different temperature

dependence of the .WO relmxmtion rates above

110 K MY not rule out the possibility of a

13
single W picture.

4. alNaJJOINc RDiARKS

The single imnd and the two bd pictures

mentioned above ●lso have different consequences

for ttw frmctiona: spin cusceptibilfty of the

oxygen 2p-smtes. Xn the ●ingle b.nd picture,

the it! wr~t oxygen p-holes ● re tightly coupled

to neighbori~ Q! d-spins to form local singlet

states .13 In this cmse. the observed oxygen 2p

spin density ~st t.8 ●ntirely due to tl,e

covalency ●ffect. We would then expect the smme

(30%) fractional spin density in the oxygen

deficient insulati~ -terials, ~ the other

band, the oxygen p-holes and G d-spins

contribute itxlependently to the spill

euscep:ibility in the two-knd picture In th!s

onset the fraction of oxygen 2p spin

auo-ptibility is ●xpec?ed to be mch s~ller in

tha insulatittg ●ys~eas, ‘TIIis would provide a

crucinl oheck whether tha ai~le- or two-bnnd

daacription is appropriate.
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